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(57) Abstract: A portable range extender 
can be used to supply electrical power 
to an electric vehicle operable by an 
electric traction motor. The portable 
range extender includes an engine, a 
dynamoelectric machine coupled to 
the engine by a shaft, an autonomous 
range extender controller for controlling 
operations of the range extender 
independently of a controller for the 
vehicle, and circuitry associated with the 
engine and machine. To start operation, 
electrical energization is applied from 
the vehicle battery to the dynamoelectric 
machine for operation as a motor to 
drive the shaft. As the shaft accelerates, 
the rotational speed of the shaft and the 
temperature of the engine are sensed. 
When the speed and temperature obtain 
predetermined thresholds, fuel is supplied 
to the engine and ignition is activated. 
The engine then operates as a prime 
mover to drive the shaft in lieu of the 
machine. After a period of engine prime 
mover operation, the machine is activated 
for operation as a generator to provide an 
electrical current output for charging the 
battery or supplying energy to the traction 
motor. When range extender operation is to be stopped, fuel supply is cut off before ignition termination to avoid engine backfire. 
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P^MEfflM^ni]™ WITH AUTONOMOUS CONTROL OF 



STARTING AND STOPPING OPERATIONS 

Field of the Invention 

The present invention relates to electric power supply devices, and more particularly, to 
5 portable stand-alone electric power supply devices that can be utilized as range extenders for 
electric vehicles. 

Background Art 

A typical range extender is provided as an integral part of a hybrid electric vehicle to 

10 improve its travel range. For example, U.S. patent No. 5,264,764 discloses a hybrid electric vehicle 
comprising an inverter/motor electric drive system, a vehicle controller, a range extender and a 
traction battery. The inverter/motor electric drive system is composed of an electric motor and an 
inverter/motor control unit. In response to a hand or foot actuated speed control actuator, a vehicle 
controller applies a torque command signal to the electric motor to drive the vehicle wheels through 

15 a transmission. The range extender, which includes an internal combustion engine and an 
alternator, is actuated by the vehicle controller to provide electric power to the inverter/motor drive 
system and/or the traction battery. The internal combustion engine rotationally drives the alternator 
to output electric power, which is applied to recharge the traction battery or to energize the motor. 
The inverter/motor control unit is responsive to the torque command signal to provide sufficient 

20 electric power from the traction battery and/or the range extender to the electric motor to drive the 
vehicle at a desired speed. 

Another example of a range extender incorporated in a hybrid electric vehicle is disclosed in 
U.S. patents Nos. 6,622,804 and 6,333,620, which describe a series type hybrid electric vehicle 
including electric motors powered by a battery array, a vehicle control unit, an internal combustion 

25 engine and a generator driven by the internal combustion engine for charging the battery array. The 
internal combustion engine is controlled by the vehicle control unit to run continuously during 
operation of the vehicle. The charging of the battery array by the generator is controlled by the 
vehicle control unit depending on a driving mode of the vehicle, e.g., in accordance with power 
output, power consumption and rpm of the electric motors. The power generated by the generator is 

30 generally maintained constant but may be decreased if the state-of-charge of the battery array 
approaches an upper control limit at which the battery array may be overcharged, and may be 
increased if the state-of-charge approaches a lower control limit at which the battery array would be 
unable to drive the electric motors with enough torque to propel the vehicle appropriately. 

The above-described systems are typical of a range extender that is designed specifically for 

35 the hybrid electric vehicle in which the range extender is installed. The range extender is controlled 

I 
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electric motor is used primarily for low-speed cruising or to provide extra power for acceleration or 

hill climbing. When braking or coasting to a stop, the hybrid vehicle uses its electric motor as a 

generator to produce electricity, which is then stored in its battery pack. Thus, the electric motor in 

5 hybrid vehicles improves fuel economy compared to a vehicle equipped only with an internal 

combustion engine. Unlike all-electric vehicles, which have a limited travel range and create 

inconvenience for users by requiring frequent recharging at charging sites, hybrid vehicles do not 

need to be plugged into an external source of electricity to charge batteries. 

However, hybrid vehicles present challenges to be addressed in order to be suitable for 

10 widespread implementation. For economic feasibility of the hybrid vehicle, which can be more 
expensive than a non-hybrid vehicle, cost should be minimized and advantages should be attained 
from other vehicle operational considerations. Emissions caused by the internal combustion engine 
should be reduced or eliminated if possible. The weight and size considerations involved with the 
use of both electric motor propulsion and an internal combustion engine with its fuel supply are 

15 important factors in vehicles such as compact cars and trucks. 

Hybrid vehicles and all-electric vehicles each have their advantages and disadvantages. 
Each type of vehicle obtains benefits from the provision of a range extender. The need exists for a 
portable range extender that can be electrically connected to an all-electric vehicle to enable the 
vehicle to travel longer distances if necessary. For shorter travel distances that do not require range 

20 extender functionality, it would be desirable to avoid the weight of, and space occupied by, the 
unused range extender. The portability of a range extender would make it amenable to support 
vehicles of different types and be movable readily from one vehicle to another. Thus, it would be 
desirable that such portable range extender be operable independently of the controller of the 
vehicle. Improvements are also needed to reduce emissions and increase fuel efficiency. 

25 

Disclosure of Invention 

The present invention fulfills the above described needs, at least in part, by provision of a 
portable range extender capable of supplying electrical energy to a vehicle. The range extender 
includes a dynamoelectric machine coupled to an internal combustion engine by a shaft. The 

30 dynamoelectric machine may be connected to a power source such as a vehicle battery, to operate 
as a motor to drive the shaft in rotation when a user initiates starting of the engine. The shaft, and 
thus the engine, accelerates in rotation while being driven by the dynamoelectric machine, the 
engine temperature increasing during this warm-up period. The rotational speed and engine 
temperature are sensed and, when optimal values for each of these parameters are obtained as 

35 determined by a dedicated range extender controller, fuel is supplied to the engine and ignition is 
activated. The engine then acts as a prime mover to further accelerate shaft rotation. As the engine 
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warm start, fuel is burned most efficiently, thus minimizing emissions. As speed increases further, 

a level is reached at which the dynamoelectric machine can be activated as a generator to provide an 

electrical current output. At that time the engine has the prime mover capability to support the 

electrical power generation. The range extender controller outputs a signal in response to speed 

input for generator activation. When range extender operation is to be terminated, fuel supply to the 

engine is cut off and ignition is thereafter maintained for a preset period. The fuel remaining in the 

engine is efficiently burned, thereby avoiding engine backfire and accompanying emission of 

fumes. 

Although the power generated by the range controller may be applied to charge the vehicle 
battery and/or drive the vehicle traction motor and other electrical loads, the range controller 
operations are under the control of an autonomous controller. The range extender and its 
controlling circuitry are self contained within an enclosure that is independent of a vehicle with 
which it may be used. An inverter/converter module, coupled to the controller, inverts the direct 
current supply to alternating current to the dynamoelectric machine when it is in motor operation 
and converts an alternating current output of the dynamoelectric machine to direct current when it is 
in generator operation. Also coupled to the controller are an ignition circuit, a fuel supply circuit, 
speed sensor and temperature sensor. The controller is also provided with user input terminals, thus 
permitting control of the range extender to be independent of the controller of the vehicle. 

Additional advantages of the present invention will become readily apparent to those skilled 
in this art from the following detailed description, wherein only the preferred embodiment of the 
invention is shown and described, simply by way of illustration of the best mode contemplated of 
carrying out the invention. As will be realized, the invention is capable of other and different 
embodiments, and its several details are capable of modifications in various obvious respects, all 
without departing from the invention. Accordingly, the drawings and description are to be regarded 
as illustrative in nature, and not as restrictive. 

Brief Description of the Drawings 

The present invention is illustrated by way of example, and not by way of limitation, in the 
figures of the accompanying drawing and in which like reference numerals refer to similar elements 
and in which: 

Fig. 1 is a perspective view of range extender elements configured in a preferred 
embodiment of the present invention. 

Fig. 2 is a view of the range extender elements of Fig. 1 shown with its enclosure. 

Fig. 3 is a block diagram of controlled operation of the range extender of Fig. 1, shown in 
relation to an electric vehicle. 
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Fig. 5 is a flow chart of range extender operation in accordance with the present invention. 

Detailed Description of the Invention 

Fig. 1 exemplifies a portable range extender 10 of the present invention. Prime mover 12, 
5 preferably an internal combustion engine, is coupled to dynamoelectric machine 14 by a common 
shaft. A controller and associated control circuitry are contained in a housing, the control system 
collectively indicated by reference numeral 16. As described further hereinafter, the control system 
is effective to control operations of both the engine 12 and the dynamoelectric machine 14. When 
operation of the range extender is initiated, the dynamoelectric machine 14 is controlled to operate 

10 as a motor for starting the engine 12. When prescribed engine conditions are detected, the control 
system 16 controls the dynamoelectric machine 14 to operate as a generator driven by the engine 12 
to produce electrical power supplied to an external load. As a consequence of this control 
arrangement, there is no necessity for a separate starter motor for the engine, which is commonly 
provided in conventional motor-generator sets. The dynamoelectric machine 14 preferably may be 

15 a three phase AC electric machine, although other electrical machines may be employed. The three 
phase machine, which provides considerably more power than a conventional starter motor, can 
drive the engine at a higher speed in the starting mode and eliminates the need for a separate 
flywheel. Thus, the range extender 10 may be packaged in a compact integrated assembly covered 
by an enclosure 18, shown in phantom in Fig. 1, and further illustrated in Fig. 2. Within the 

20 enclosure, machine 14 and engine 12 are each contained in respective housings. The housing for 
engine 12 contains cool air inlet windows, one being indicated by reference numeral 20, in Fig. 1. 
The cool air inlet windows are in communication with corresponding windows 21 in the enclosure, 
as shown in Fig. 2. One or more hot air outlet windows 22 are provided in the enclosure. A divider 
24 forms two chambers respectively for the engine and electrical machine. This arrangement 

25 provides efficient cooling as the cool air is directed first to the relatively cooler machine 14 and 
then to the engine 12. The enclosure is provided with a door 26 that easily may be opened to 
provide access for maintenance. 

A compact structure is thus provided that enables a user to place the portable range extender 
into any battery-powered vehicle in order to extend its travel range by charging its battery or driving 

30 the vehicle instead of, or in combination with, the electric motor. For example, the range extender 
10 may be placed in all-electric buses or vans to enable their use for longer trips. The range 
extender portability is also suitable for mounting in a trailer coupled to a vehicle. The range 
extender of the present invention may act as an auxiliary power unit not only for loads with 
substantial power consumption, such as trucks, recreational vehicles, etc., but may be used to 

35 supplement power requirements of any electrical load. 
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ftf^f^Ht BtockMilg Mflfef an exemplary embodiment of the present invention, in which the 
range extender 10 is detachably connectable to a battery-powered vehicle 100 having a traction 
electric motor 102 driven by a traction motor driver 104 and powered by a battery 106. The traction 
motor 102 may be, for example, a permanent magnet DC brushless motor, such as disclosed in 
5 patent 6,492,756, issued December 10, 2002 to Maslov et al., commonly assigned with the present 
invention. The high-voltage battery 106 can provide substantial electric power, for example, about 
65 KW. The vehicle 100 is provided with an electric vehicle controller 108 for controlling typical 
operations of the electric vehicle. For example, in response to a torque request by the vehicle 
operator, the vehicle controller 108 may control the driver 104 to provide sufficient electric power 
10 from the battery 106 to the motor 102 to achieve the desired torque. The vehicle controller also 
may control the motor 102 to act as an electric generator to charge the battery 106 during a 
regeneration mode. 

The range extender 10 is provided with an autonomous controller 30, such as a 
microcontroller, included within control system 16. The controller has a plurality of inputs, 

15 including user inputs 32 and inputs from battery sensor 34, engine temperature sensor 36 and speed 
sensor 38. The battery sensor provides an indication of the state of charge of the vehicle battery 
106. Temperature sensor 36 provides indication of the engine temperature and speed sensor 38 
provides a shaft speed feedback signal. The microcontroller can be programmable to control 
operations of the range extender in one or more modes. User inputs permit a user to select a 

20 particular operating mode or a manual operating mode. 

Inverter/converter module 40 is detachably connectable to the vehicle 100 to provide a 
bidirectional transfer of power either from the battery 106 to the dynamoelectric machine 14 
operating in the motoring mode during engine startup or from the dynamoelectric machine 14 
operating in the generating mode to the battery 106. Under supervision of controller 30, module 40 

25 operates to invert DC power from the battery 106 into 3-phase AC power for rotating the 
dynamoelectric machine 14 in the motoring mode, and converts 3-phase AC power generated by the 
dynamoelectric machine in the generating mode to DC power used for charging the battery 106 or 
driving the traction motor 102. Controller 30 is responsive to the range extender shaft speed as 
received from speed sensor 38 activate a switch circuit in the module 40 to activate generating 

30 operation when engine speed has obtained an appropriate level for driving the electrical machine 
14. Controller 30 also provides output control signals to fuel supply circuit 42 and ignition circuit 
44 during startup and turnoff phases of engine operation. As shown in Fig. 4, the fuel control 
circuit is responsive to controller 30 to regulate valve 48 and the flow of fuel from fuel supply 46 to 
engine 14. Valve 48 may be controlled to be switched between fully open or fully closed, or may 

35 be made variable between these extremes. 
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Tig: Sira^ow'cKaH^rrmge extender operation. At step 200, a start command is issued, 
which may be initiated by a manual user operation, such as activation of a start switch. 
Alternatively, the start command may be issued pursuant an automatic operating mode of the 
controller. At step 202, controller 30 outputs control signals to module 40 to connect the battery 
5 106 through a switch circuit in module 40 to machine 14 and to activate inverter operation. 
Dynamoelectric machine 14 thus receives alternating current power to operate as a motor to drive 
the shaft of the engine 12 and start the engine. Throughout operation, engine speed and temperature 
are sensed and input to the controller. At step 204, determination is made as to whether the shaft 
speed is at a sufficient level, SI, for engine operation. If not, machine motoring continues and step 

10 204 is repeated. When the shaft speed has been determined to exceed Si, the sensed engine 
temperature is compared to a preset temperature threshold Tl at step 206. Tl represents the 
minimum engine temperature at which the engine can operate with satisfactory fuel efficiency. If 
the sensed temperature does not exceed Tl, the engine continues to be driven by dynamoelectric 
machine 14 operating in a motoring mode and step 206 is repeated. When temperature threshold Tl 

15 is exceeded, the controller outputs control signals to fuel supply circuit 42 and ignition circuit 44 to 
initiate engine operation as a prime mover, at step 208. A control signal is also applied to module 
40 to cease inverter operation, thus discontinuing operation of the machine 14 as a motor. Machine 
14 thereafter will be operated as a generator to provide power for recharging battery 106 and/or to 
supply the traction motor 102. The minimum engine speed at which satisfactory generation can be 

20 achieved is represented by speed S2. Generally, S2 is greater than SI. At step 210, the sensed 
engine speed is compared with the threshold speed S2. S2 can be set in accordance with the 
expected electrical requirements of the particular battery and traction motor provided in the vehicle. 
Step 210 is repeated until the sensed speed is determined to have exceeded S2. At that time, the 
controller transmits a control signal to the module 40 at step 212. Module 40 is switched to provide 

25 direct current power, which is converted from the alternating current output of machine 14 
operating as a generator, to the vehicle load. 

Generator operation continues until a stop command is detected at step 214. The stop 
command may be sensed by the controller in response to a user input or in accordance with an 
automatic mode operation corresponding to a stored program. For example, such program may 

30 operate to initiate and terminate range extender operation in accordance with the state of charge of 
the battery. When the state of charge of the battery attains a level approaching a maximum, a stop 
command may be generated. In response to a stop command, the controller outputs a control signal 
to the fuel supply circuit 42 whereby valve 48 will be closed to terminate fuel supply to the engine. 
After a preset time delay Dl has occurred, as determined in step 281, the controller outputs a 

35 control signal to ignition circuit 44 to turn the engine ignition off at step 220. The time delay 
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associated with backfire. 

In this disclosure there are shown and described only preferred embodiments of the 
invention and but a few examples of its versatility. It is to be understood that the invention is 
5 capable of use in various other combinations and environments and is capable of changes or 
modifications within the scope of the inventive concept as expressed herein. For example, it is 
within the contemplation of the invention that the range extender 10 may be utilized as an electric 
power source for providing electric power to loads with substantial power consumption, such as 
trucks, recreational vehicles, etc. As the extender is portable for use with different loads at different 
10 times, the autonomous extender controller provides flexibility in setting the various thresholds 
tailored to the particular loads with which the range extender can be utilized. 
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1. A method for controlling a portable range extender capable of supplying electrical energy to a 
vehicle, the range extender including a dynamoelectric machine coupled to an internal combustion 
engine by a shaft, the method comprising the steps of: 

applying electrical energization from a power source to the dynamoelectric machine for 
operation thereof as a motor to drive the shaft in rotation in response to an initiation input; 

sensing the rotational speed of the shaft; 

sensing the temperature of the engine; 

in response to a sensed rotational speed that meets a first predetermined speed threshold and 
a sensed engine temperature that meets a predetermined temperature threshold, supplying fuel to the 
engine and activating ignition of the engine for operation thereof as a prime mover; and 

after a period of engine prime mover operation, activating the dynamoelectric machine for 
operation thereof as a generator to provide an electrical current output. 

2. A method as recited in claim 1, wherein: 

the power source is a direct current source and the step of applying electrical energization to 
the dynamoelectric machine comprises inverting an output voltage of the direct current source to 
alternating current. 

3. A method as recited in claim 2, wherein the direct current source is a battery for operation of a 
vehicle traction motor. 

4. A method as recited in claim 3, wherein the step of activating the dynamoelectric machine as a 
generator comprises producing an alternating current output of the dynamoelectric machine and 
converting the alternating current output to a direct current output; 

and further comprising the step of applying the direct current output to charge the batter/. 

5. A method as recited in claim 4, further comprising the step of applying the direct current output 
to drive the traction motor. 

6. A method as recited in claim 1, wherein said period of engine prime mover operation is a 
predetermined time interval. 
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when the sensed shaft rotational speed meets a second predetermined speed threshold higher than 
the first predetermined threshold. 

5 8. A method as recited in claim l 5 further comprising the steps of: 

terminating the supply of fuel to the engine when the engine is to be stopped; 
maintaining ignition activation of the engine after the fuel supply has been terminated; and 
deactivating engine ignition when fuel has been eliminated from the engine, thereby to avoid 
engine backfire. 

10 

9. A method as recited in claim 8, wherein the deactivating step is delayed for a preset time period. 

10. A method as recited in claim 8, wherein the range extender is self contained within an 
enclosure that is independent of a vehicle and the steps of applying electrical energization to the 

15 dynamoelectric machine, supplying fuel to the engine, activating ignition of the engine, activating 
the dynamoelectric machine, terminating the supply of fuel and deactivating engine ignition, are 
controlled by a controller contained within the enclosure. 

11. A portable range extender capable of supplying electrical energy to a vehicle having a vehicle 
20 controller, the portable range extender comprising: 

an internal combustion engine; 

a dynamoelectric machine structurally coupled to the internal combustion engine by a shaft 
and electrically coupled to a direct current source; 

an autonomous range extender controller having at least one user input; and 
25 a portable enclosure in which the internal combustion engine, dynamoelectric machine and 

controller are housed; wherein 

in response to a user input to the controller, a sequence of range extender operations is 
initiated including a first phase in which electrical energization is applied from the direct current 
source to the dynamoelectric machine for operation thereof as a motor to drive the shaft in rotation, 
30 a second phase in which the engine is activated for operation as a prime mover; and a third phase in 
which the dynamoelectric machine is activated in generator operation for providing electrical 
current to the vehicle. 

12. A portable range extender as recited in claim 11, wherein the internal combustion engine 
35 comprises an ignition circuit and a fuel supply circuit, each of these circuits coupled to a respective 

output of the controller. 
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13. A portable range extender as recited in claim 12, further comprising a speed sensor indicative 
of shaft speed and an engine temperature sensor, each of these sensors coupled to a respective speed 
input and temperature input of the controller. 

14. A portable range extender as recited in claim 13, wherein the controller is configured to output 
signals to the ignition circuit and fuel supply circuit for prime mover activation in response to 
signals at the speed and temperature inputs attaining respective threshold values. 

15. A portable range extender as recited in claim 12, the controller is responsive to a user 
termination input to apply an output signal to the fuel supply circuit to shut off the supply of fuel to 
the engine and, after a preset time delay, to output a signal to the ignition circuit to terminate engine 
ignition, thereby to avoid engine backfire. 

16. A portable range extender as recited in claim 11, further comprising an inverter/converter 
circuit connected to electrical terminals of the dynamoelectric machine and to the controller; and 
wherein the inverter/converter circuit is responsive to the controller to convert the direct current 
energization applied in the first phase to the dynamoelectric machine to alternating current for 
motoring operation, and to invert alternating current output of the dynamoelectric machine in the 
third phase for generator operation. 
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